The plasticity and dynamism in the immune responses to both self and environmental stimulation promote the maintenance and adaptation of a system that tends to harmoniously survive and evolve. Fluctuating antigenic forces coexist within the immune system and oscillate between order and chaos to the equilibrium. Thus, when mounting a response to internal or environmental antigens, the main host responses can be divided into two immunological categories. The first, a well-adapted mechanism of complex multi-cellular organisms classically known as tolerance, promotes persistent immunological responses. In the second, opposite way, the modulation of inflammatory immune responses occurs, which we call "intolerance". Tolerance and intolerance can be mediated by humoral molecules, such as inflammatory compounds, complement, and antibodies, and by different cell types, such as sentinel cells, antigen-presenting cells, and cells that orchestrate the immune response. Tolerogenesis is important in vertebrates because it predisposes species to adapt to self and environmental negative-selective forces. This process depends, in large part, on antigenic co-stimulation (AgCS), which operates as a multi-integrated network formed by all immune and non-immune cells of the body that establishes tolerant immunoregulatory interactions from cells to cells and from cells to the environment. Antigenic distribution, quantity, nature, route of administration, and antigenic convergence on co-stimulatory pathways, and concurrent infections, and the presence of microorganisms (commensals and pathogens) in more than one site are important factors for activating AgCS. To conclude, the AgCS route is a natural immune response generated by heterogeneous APC profile with centralized regulation that promote the counterbalance between intolerant e tolerant status, which can
The Immunological Tolerance and Intolerance
Tolerance has been present in living organisms since the emergence of life on an inhospitable planet. Immunological tolerance likely originated due to the need for cellular harmonization in multicellular systems, particularly ones that have complex organization with distinct functions. Inside complex organisms, tolerance between different cells is required for biological and physical-chemical interactions and, consequently, for homeostasis. First, the evolutionary success of tolerant multicellular organisms depends a priori on the natural level of self-recognition. Second, the environment also contributes to the constant adaptability of multicellular systems and provides context for the integration of an organism with its habitat. In these two ways, the distinction between self and non-self can lead to a compatible or incompatible state. Although this dualistic categorization of routes, it is necessary to understand that immunologic reactions are not restricted purely to a simple pathway dichotomy.
Tolerogenesis permits good functionality of the immune system, the survival of vertebrate organisms due to intercellular harmony and the suitable regulation of responses to the environment. In multicellular organisms, tolerance increases the chance of survival despite an adaptive cost in fitness. This evolutionary process is highly sophisticated in more complex beings capable of integrating their immune response to eliminate or reduce specific conflicts resulting from unsuccessful interactions with the environment and self-recognition. An example of this sophistication is the presence of immune-privileged organs that are directly involved with organism fitness, such as the reproductive and control organs. These organs have specific protection from the hazards generated by inflammation [1] .
A harmonious relationship between different cells and/or systems can occur through mechanisms that inhibit tissue rejection, which leads to cellular coexistence and naturally increases the chances of survival mainly by tolerogenesis. Tolerance is a mechanism for alleviating internal immunological disorders (natural tolerance) and environmental noise (induced tolerance, also called "infectious tolerance"). Although this poses some risks for complex organisms, tolerance allows them to carve out a successful future response in an adaptive planned-way. Tolerance creates an obligatory pause in the vigilant immune response to determine the best course of action. The stress and energy expenditures are much smaller when the reactions of the immune system are resolved in a calm and, ordered manner, although this can impair fitness. This patient force that governs the relationships between the body and both internal and external stimuli can lead to evolutionary success, thereby leading to increases in organismal fitness and longevity. Therefore, tolerance is synonymous with longer lifespan and superior in the face of conflicts from both internal and external interactions.
A major problem can occur when interactions between the different cells and/or systems become disharmonious. For example, when the body encounters negative selection forces in the environment such as pathogens, the tolerance armory can aid survival in the host. Occasionally, this process may be dangerous and lethal. Increasing tolerance to pathogens increases their persistence in the host, which creates a favorable environment for their specialization in a hostile locale and may lead to an increase in harmful activity against the host, including an increase in the parasite load. To multiple stimuli that could generate significant tissue damage, the body prefers to respond to the antigen source or infection in a cautious fashion. However, this immune pattern could difficult the pathogen elimination. Several parasites are able to reside inside infected hosts for extended periods of time, partly due to their arsenal of strategies, which includes virulence factors such as morphological changes and/or the production of evasins, toxins, and enzymes. Although morphological change is not typically a recognized virulence factor, many protozoa and fungi would not be able to invade, survive, and evade host defenses without it.
Genetic characteristics are not the only factors important in resistance and tolerance. Animals receive environmental stimuli throughout their lives. Adaptations to these stimuli that are related to increased fitness may be passed on to descendants [2] [3] . Species that are geographically isolated tend to better adapt to the adverse factors in their environment, including pathogens, which allows an increase in their tolerance. Thus, tolerance may naturally be inherited by cellular programming for the self-preservation of the multicellularity state in the peri-conception period [4] and by the congenital route [3] , in which the central and peripheral lymphoid organs receive tolerant maternal stimulation during fetal development, which prevents the offspring systems from undergoing both pre-and post-natal collapse. The constant maternal contact with fetal antigens can also produce a tolerant or intolerant immunological memory response [5] [6] [7] .
Central tolerance comprises both primary immune sites and immune-privileged tissues, which are often involved in the processes of clonal deletion, anergy, MHC restriction, receptor editing, and other immune tolerogenic processes [8] . In contrast, peripheral tolerance is an adaptive response mediated primarily by immunosuppressive cells (through cell-to-cell contact and production of anti-inflammatory molecules). Within the ordered and random processes that govern selective pressures, tolerance tends to increase harmonious cell-to-cell interactions and the relationship between the body's cells and environmental antigens. Depending on the extra and intracellular activation signals, T and B lymphocytes can function either as immune system inflammatory mediators (active, helper) or suppressors (tolerant, regulatory) cells, both as effectors or memory cells ( Figure 1 ). A close relationship exists between the T lymphocyte phenotypes that are involved in the phenomenon of cellular plasticity, which allows the cell to change its immunological profile according to local stimuli [9] [10] [11] [12] [13] . Thus, tolerance can be broken by an inflammatory response [9] . In last decades, tolerance and its broken have been studied in the context of non-self antigens, particularly in responses to pathogens [14] [15] [16] [17] .
Autoreactive T cells, which are named for their role in autoimmunity, may have the same functional activity as activated T cells by environmental sensitization, such as infections, with differences only in the origin or nature of the stimulus and targets. Thus, without completely abandoning these prior designations, a novel and more comprehensive terminology can be used to define lymphocytes according to their response profiles, with such cells designated as either tolerant or intolerant, regardless of the physiological or pathological conditions. AgCS involves the induction of immunosuppression due to mechanism related to tolerance and refers to the induction of an immune response to antigenic stimuli that originates from more than one body location ( Figure 2 ). AgCS is a mechanism of tolerogenesis that prevents both acute inflammatory responses and subsequent collapse of the host tissues, and it occurs mainly due to the involvement of multiple antigenic signals from different sites (antigenic costimuli).
Inflammatory and suppressor cells can be recruited from the immune organs to respond according to the stimulus and the affected tissue.
It would undoubtedly be beneficial if foreign bodies, particularly pathogens, could be eliminated quickly. However, mammals tend to respond to systemic or multi-site infections with caution (tolerance) because an exacerbated inflammatory response in multiple sites of the body may cause tissue dysfunction, organ destruction, or system failures that might be potentially fatal for the organism.
According to Shafiani et al. (2010) , activated regulatory T cells (T regs) protect the host by curbing inflammation and limiting collateral tissue damage; however, by limiting host immunity, T regs also inhibit pathogen clearance [23] .
The concept of cell-mediated immunosuppression to self and non-self antigens has long been recognized. However, the role of tolerant cells in infectious diseases has only been revealed in the past several decades and was first described in experimental models of Leishmania major infection [14] [15]. Metacyclic promastigotes of Leishmania major were inoculated into both ear dermises of resistant C57BL/6 mice [14] . Interestingly, the response observed in one ear was inflammatory and acute, whereas the other ear exhibited a chronic response.
In our previous study, a persistent infection was observed in murine footpads when multiple routes of inoculation, including intraperitoneal, oral, and intratracheal, were stimulated simultaneously [16] . (AgCS mechanism). Thus, the more tolerant the body remains, the more difficult it is to eliminate the pathogen and treat the host due to adaptations for parasitism and injury severity.
Another good example of a multi-site infection is generalized onchocerciasis (GEO), in which AgCS may have a central role in the development of tolerance.
The presence of this parasite in several sites can stimulate peripheral tolerance through AgCS. Doezet et al. (2000) showed that antigen-specific cellular hyporesponsiveness in chronic onchocerciasis was mediated by T regs. Filarial forms infect the human host and form several nodules (onchocercomas) [26] . Antigen-specific cellular hyporesponsiveness mediated by Th3 responses has been detected in patients with GEO [26] . A similar situation probably occurs in many chronic diseases induced by bacteria, fungus and other parasites, particularly those in which multiple granulomas, nodules, or more than one focal lesion are observed. In lymphatic filariasis, tolerance has been suggested to be associated with T cell proliferative hyporesponsiveness [27] .
In other situations of AgCS, the decrease in protection or resistance to pathogens can be even more harmful if there are other causes of cellular immunosuppression, such as infection with human immunodeficiency virus (HIV). That is, the down-regulatory response to adverse external factors such as pathogens or antigens is more intense when there is tolerance by AgCS associated with immunosuppression by another agent. In pulmonary tuberculosis, for example, the response mediated by AgCS can be stimulated through multiple granulomas that act as the causes of a tolerant response. In many cases of this infection associated with HIV, the host's defense decreases, and its pathogenic load increases [28] .
Immunosuppression resulting from peripheral tolerance can also be involved in the systemic and lymphatic dissemination of pathogens. The constant antigenic variation of the cell surfaces of certain pathogens can also be linked to an Although the emphasis of the present review is to discuss the features of the immune system interactions with environmental antigens, the induction of peripheral tolerance to self-antigens through AgCS is also possible. Toes et al. (1996) showed that immunization with synthetic peptides and a subsequent challenge with Ad5E1A-ras-transformed tumor cells led to the elimination of the anti-tumor cytotoxic T lymphocyte (CTL) response and the enhancement of tumor growth through the induction of specific T cell tolerance [29] .
The term "danger signal" was proposed by Polly Matzinger and refers to the mechanism by which the innate immune system breaks peripheral tolerance [30] [31]. Each type of tissue has distinct APCs. The stimuli produced by these cells are delivered to the secondary lymphoid organs after APCs migrate from the processing sites to initiate the responses that are specialized for a particular antigen and tissue. After the induction of peripheral tolerance through AgCS via the simultaneous challenge of the murine peritoneum and footpad, we previously observed that both footpads were swollen after a few days, although the Figure 3 . Normally, T regs in the circulating peripheral blood migrate to the affected site after sensing danger signals from the specific antigenic stimuli that are present in the lesion [23] . We believe that the body prioritizes the recent focus of Ag-presentation for an immunogenic profile (more inflammatory), tolerating the older ones.
Circulating antigens and Ags processed in APCs move to the secondary lymphoid organs, in which the tolerant and intolerant lymphocyte profiles are likely receptors, such as chemokine receptors and selectins, to migrate to different tissues [33] . They also suggested "that the migration to the inflammatory site of inflammation and then to draining lymph nodes (dLNs) was necessary for T reg cells to differentiate and fully execute their suppressor function". Contact with an allergen following oral or nasal desensitization therapy often fails to cause harmful hypersensitive effects, even when the contact occurs years after therapy. Therefore, induced immunosuppressive memory is a component of the tolerant immune response. Another example of induced immunosuppressive memory is the peripheral tolerance of the mucous membranes. Copresentation of specific and nonspecific Ags (especially if non-specific Ags are mitogens or super-antigens) can greatly exacerbate the proliferation of immunosuppressive lymphocytes.
There appears to be a homeostasis between the immune tolerance and intolerance states. Thus, induced tolerance can be correlated with prolonged or chronic diseases. In the case of prolonged infection (a state of partial tolerance), we have demonstrated that two sites of immune reactivity were sequentially extinguished in an integrated manner [16] . Where there is tolerance, it can be broken as intolerance-inducing factors increase, such as an increase in the number of neutrophils (tissue infiltration), and this occurs after the clearance of the IgA responses to antigens of the microflora, such as flagellin [34] . However, we suggest that intestinal anti-flagellin IgA is part of a coordinated intolerant/tolerant state because the presence of Th2 cells (intolerant) and T reg cells (tolerant) culminates in peripheral partial tolerance through AgCS. Evidence for this can be found in the same study because when the tolerant cells were removed, only the intolerant reaction remained. Akadegawa et al. (2005) showed that aerosolized exposure of OVA to aged BWF1 mice, which had been orally inoculated with the same antigen, provoked eosinophil infiltration into the lungs [35] . The authors proposed that the oral antigen induced systemic sensitization instead of oral tolerance. We observed two different responses: an inflammatory response at the primary site and a granuloma-like response at the secondary site [16] . The switch from a persistent to an acute infection is regulated by systemic coordination after the elimination of the primary site of inflammation. The skin and mucous membranes are good examples of sites where tolerance and intolerance are balanced. These sites are frequently in contact with a large number of environmental antigens from the air, food, water, and microbiota. Therefore, these professional recognizing sites become more tolerant of the presence of external antigens. This tolerance allows the maintenance of the entire system by the interactions between self-tissues and the external environment. Therefore, the skin and mucous membranes represent the best examples of sites where AgCS occurs. In addition to protection against pathogens, the microbiota provide nutrients and specific stimuli at multiple locations that induce tolerance. Thus, immune responses can be made after recognizing several antigens leading to immunity and homeostasis, a transient switching between the intolerant profiles of Th1, Th2, or others within a Th3 response. Therefore, AgCS can be used to explain why the mucous membranes and the skin do not typically produce permanent tolerogenesis. According to Hart et al. (2002) , "a relationship between the normal microflora and the host immune system exists with a mutual dependency between the two. Successful coexistence with a complex microflora presents a particular challenge to the immune system of the host" [36] . Recent studies have indicated that microflora could be related to obesity and insulin resistance [37] [38] . Interestingly, it appears that as the biodiversity within the human microflora increases, the development of tolerance also increases. A reduction of microbial diversity also appears to influence the immune tolerance decline observed in obese individuals, which generates a state of [39] . According to the hygiene hypothesis, antigenic desensitization is a condition present in modern life related to an increase in allergic and autoimmune diseases [31] . Probiotics have been used in the treatment of inflammatory, allergic, and autoimmune diseases [40] . These microorganisms have a positive influence on healthy microbiota biodiversity. Thus, constant stimulation by AgCS with diverse antigenic loads from healthy microbiota in the gut is a good tool to restore a tolerant state. The pattern of the responses from outbred and inbred animals observed in our previous AgCS investigation appears to be similar to that observed in humans and other mammals. Previous oral sensitizations with F. pedrosoi antigens demonstrated that prior antigenic contact can lead to immunosuppression states for further infections [16] . Consecutive contacts with the same agent may trigger more tolerant responses, especially when the presentation occurs at sites that are prone to tolerogenesis, such as the skin and the mucous membranes. Additionally, many microorganisms have antigens that are conserved between microbial, plant, and animal species or that can trigger cross-immunity. Therefore, the degree of susceptibility, the type of immune response, and the pathogen's adaptation to the host may be directly related to prior antigen sensitization provided by constant environmental stimulation, such as a constant inoculation of an antigen that is conserved among species. Thereby, previous environmental Ag contact could be one factor associated with resistance and susceptibility. For this, the more an antigenic load is observed by the body, the more harmonic convergence in relation to local environmental Ags is accumulated.
The endemicity of circulating antigens probably causes more tolerance to agents in specific zones; consequently, constant regional-Ag contact leads to immunosuppression by AgCS that is linked to more resistance and down modulation of deleterious inflammation. In malarial infection, the networking balance relative to expression of multiple serum factors may be driving the protective response or disease severity according to immune patterns of infected individuals [17] . Complex network interactions between IL-10, IL-4, and TGF-β and other humoral mediators has been established in asymptomatic Plasmodium vivax infection, while severe malaria was associated with a restricted network, parasitemia and a prominent pro-inflammatory response. The introduction or re-introduction of pathogens can have more severe effects in a population with limited or absent prior-antigenic contact because of the disharmonic relationship between pathogen and host. When the parasite load (the stimulus) in a population is high, fitness levels tend to decrease, and the chances of developing autoimmune disease increase. Nevertheless, resistance to adverse factors leads to transient states of immune hyperreactivity, creating temporary protection in the population but also a decrease in the reproductive rate [41] . Thus, infections that occur in individuals outside their natural habitat can also be highly damaging. creates a pseudo-resistance condition to environmental antigens, promoting also the establishment of pathogen persistence and the adaptive induction of pathogen mechanisms to evade the host defenses.
A subset of CD8 + T reg cells is very important for maintaining tolerance, and these cells can suppress reactive follicular CD4 + T cells [42] . In our study of AgCS, CD4-KO animals that were subjected to AgCS exhibited an exacerbation of disease only at the beginning of a prolonged infection and subsequently had cured lesions. In contrast, CD8-KO animals developed a severe and progressive infection, suggesting an increase in suppressor activity that was specific for the F. pedrosoi antigens at the secondary infection sites in the absence of the CD8
receptor [16] . This suggests depolarization of a tolerant/intolerant immune response in later stages of prolonged infections. Moreover, intolerant CD8 + T cells could have an important cytotoxic function, whereas in their absence, there could be an exacerbated proliferation and maintenance of tolerant CD4 + T cells.
A connection between MHCII molecules and tolerance has been demonstrated [43] . However, we noted that through AgCS, tolerance could be achieved independent of MHCII [16] . Previous studies have implicated non-classical MHCI molecules in the CD8 + T reg-mediated suppression of autoreactive CD4 + T cells [42] .
Antigenic Stimuli and Gateways
The antigens passage through portals of entry, such as the oral, pulmonary, and epidermal routes, generaly is effective in inducing peripheral tolerance. In contrast, the administration of antigens through the intravenous, intramuscular, or subcutaneous routes is more associated with induction of intolerant responses. The induction of tolerance and the relationship between antigenic dose and the route of administration has been previously studied in detail. Katsura et al. (1972) reported that the establishment of a tolerant state was related to multiple low-dose administrations or a single high-dose administration of BSA antigen [44] . Zinkernagel and Hengartner (2004) reported that immune reactivity is regulated by the antigenic dose, duration of exposure, and relative distribution kinetics [45] . Thus, antigen presentation to naive T or B cells can lead to an intolerant or tolerant state. These two pathways are controlled by the conditions under which antigens are presented and the activation state of the APCs, according homogeneous and heterogeneous APC profile ( Figure 3 and Figure 4 ). Antigen persistence (constant antigen presentation) is important for the main- [47] . A single, high-dose stimulus could require more processing time by APCs, which would increase the persistence of antigen in the host. Moreover, processing times can differ according to the inoculation route, tissue, solubility and adjuvants. In this review, we present that the type of immune response, if tolerant or intolerant, is based on the number of sites stimulated and presenting cells profile ( Figure 3 and Figure 4 ).
Redmond et al. (2005) reported that a single dose of antigen was insufficient to achieve complete clonal deletion regardless of the amount of antigen used for stimulation [48] . However, consecutive stimulations with antigen promoted clonal deletion at low antigen concentrations or anergy at high antigen concentrations. From our perspective, we believe that the costimulatory signals produced by APC presentation to T and B cells can be important in inducing a state of tolerance or intolerance. Multiple factors, such as antigen chemical properties, the persistence and distribution of the antigens in the host, the inoculum size, the presence or absence of immune costimulatory molecules or adjuvants, the route of administration, the degree of APC maturity, and the number of inoculation sites, should be considered because they can influence the immune response, including the development of acute or chronic diseases. These factors influence the divergence of type and intensity of the immune responses. When high doses of antigens are used and when the antigens persist for long periods, a higher degree of immunosuppression is observed after antigen presentation by distinguished APCs. This is especially true when antigen presentation occurs through AgCS. Therefore, persistent infection is a term that we use with caution. For example, depending on the type of stimulus methodology, persistence Vaccines and immunotherapeutic molecules can trigger a tolerant or intolerant response according to the vehicles used for administration. Astringent actions or complex formation of the Ags at inoculation sites causing difficulty in their spread in tissues may be very interesting for induction of intolerant responses, such as in vaccine development. Additionally, the use of particles such as liposomes, oils, polyethylene glycol, and other dispersant agents may be more interesting for the induction of tolerance by AgCS due to their ability to spread Ags into the tissues.
The nature of the antigen and/or the parasite load can be very important in the regulation of the intolerance profile (e.g., Th1, Th2) mixed with a tolerant response (Th3). Different chronic profiles can be created by these tolerant and intolerant response interactions that may directly influence the symptoms and susceptibility of the host. Interleukin-5 (IL-5) has been associated with the chemoattraction of polymorphonuclear (PMN) cells and the development of immunity to parasites [26] . A comparison between the production of cytokines in uninfected patients and in patients infected with O. volvulus demonstrated that reduced levels of IL-5 correlate with increases in the parasitic load [50] . Thus, we believe that when larger amounts of antigen and/or different sites are involved, a greater induction of tolerance is generally observed. Moreover, this likely occurs by a mechanism linked to AgCS. In mild or moderate chromoblastomycosis, the disease presents more localized lesions and the presence of intolerant immune components, such as neutrophils. In the severe and diffuse forms of this disease, the lesions are scattered, and there is a smaller contribution of PMN cells. In the mild to moderate forms of chromoblastomycosis, a switch between the Th1 and Th2 cytokine profiles and a low level of production of IL-10 are observed in the peripheral blood of patients [51] . However, in the diffuse form of the disease, the cytokine profile typically includes high levels of IL-10 and TGF-β, which we propose is due to a state of stronger tolerance related to the larger amount of fungi at multiple sites. Therefore, if both the number of affected sites and the stimulus load are high, the level of tolerance will be higher in the infected organism. Tolerance can either be antigen-specific, which prevents generalized immunosuppression, or nonspecific, which may be related to the general tolerance of the system. Tolerance to protein antigens appears to be generally antigen-specific, whereas tolerance to nonprotein antigens has been shown to be antigen-nonspecific. There may be diversity in the response for both cases. For example, an individual that is tolerant to a particular antigen can become tolerant (anergic) toward several other antigens following a secondary stimulation. Pathogen-associated molecular patterns (PAMPs) are conserved structures of microorganisms, such as lipopolysaccharide (LPS), peptidoglycan, mannan, and lipoarabinomannan, that can promote B and T cell activation and/or differentiation. LPS is a potent inducer of pro-inflammatory responses; however, T-cell independent antigens can suppress immunity and induce B cell tolerance in vivo [52] . Regulatory B cells modulate inflammation and autoimmunity through the production of IL-10 (B10 cells) [53] . A more rapid B10 cell clonal expansion occurs after LPS stimulation relative to the LPS-mediated expansion of other splenic B cells [54] . Intravenous (i.v.) inoculation of a single dose of LPS one day before tumor inoculation in a T-lymphoma model efficiently inhibited liver metastasis [55] . However, after i.v. inoculation of sequential doses of LPS (on the first, second, and third days), a tolerance to metastases was observed. When the same doses were injected on different days (the first, seventh, and thirteenth days), a protective effect was observed regarding metastasis of the lymphoma cells. These experiments shown that a peripheral tolerance can be induced by APCs of different maturities and by the timing of the antigenic presentation. In another example, three intravenous injections of dendritic cells MOG-pulsed and matured with Tumor Necrosis Factor (TNF) at different times (−3, −5 and −7 days) prior to induction of Experimental Autoimmune Encephalomyelitis (EAE) led to the complete prevention of disease [56] . A specific tolerance was observed with late production of IL-10 by CD4+ T cells, and little IFN-γ. Single i.v. injection of TNF/DCs ameliorated the EAE. However, when three consecutive injections of semi-mature TNF/DCs were given subcutaneously, the profile was immunogenic and did not protect mice from paralysis [57] . Therefore, when one response is concomitantly stimulated with another response, especially in the context of AgCS, the induction of tolerance occurs; this tolerance is dependent on the heterogeneity of the APCs that present the same antigen [58] . Sammons et al. observed a strong interferon response in monkeys after an initial dose of poly I:C. However, a hyporesponsive state was noted after subsequent injections.
No response was observed to either Type III pneumococcal polysaccharide or glucuronoxylomannan (GXM) in CBA/cHN xid mice, even though the mice responded to an immunization with trinitrophenyl-lipopolysaccharide [59] . This study demonstrates the importance of B1 cells during a reaction of intolerance to Open Journal of Immunology a thymus-independent antigen and that picric acid injected with an antigen can stimulate a reaction of intolerance. The epitopes present in an antigenic complex can generate different immune responses, which tend to be either inflammatory or suppressive. Peptide immunotherapy using a multiple-dose tolerization protocol induces the production of IL-10 and prevents allergic asthma [60] . The resolution of this pathophysiology was associated with the reduced recruitment, proliferation, and effector functions of allergen-specific Th2 cells. After multiple doses administered with several immunomodulators, it was concluded that immunosuppression can be either compartmentalized or systemic [61] . Although the partial tolerance induced by AgCS is coordinated systemically, it appears to function in a compartmentalized manner with different responses in the affected organs. Dai et al. (2005) described that an "acute primary immune response tends to focus on few immunodominant determinants using a very limited number of T cell clones for expansion, whereas chronic inflammatory responses generally recruit a large number of different T cell clones to attack a broader range of determinants of invading pathogens or the inflamed tissues" [62] .
Super-antigens constitute a family of microbial proteins that induce high levels of T cell proliferation due to an increased affinity for MHCII binding. The strong bond to the superantigens and MHCII molecules of different mature APCs could be related to the persistent apresentation and to the continuous stimulation of effector cells that generates a state of anergy in T cells. Sequential i.v. injections of staphylococcal enterotoxin A (SEA) in mice led to a severe reduction in the proliferation and cytokine production of anergized T cells [63] . Antigen recognition and cell differentiation in lymphoid organs generally occurs between 2 to 3 days. Over the normal course of AgCS, which occurs through the copresentation of mature APCs after consecutive administration of multiple doses of antigen, the tolerant response does not occur if the challenge intervals for more than two days, and it is related to the mitosis cycle time of lymphocytic proliferation. However, super-antigen stimulation is an alternative form of AgCS that is not necessarily time-dependent because the super-antigens are more persistent in the hosts. An example of this persistence can be observed in mice treated with a single injection of SEA, which induces transient CTL activity that peaks at day two (primary response) and then returns to background levels after four days [64] [65] . Therefore, the use of super-antigens to generate AgCS achieves a longer contact period (more than two days) between the stimuli. In this model, the CTL cytolytic activity in the spleen declined to 40% after the second i.p. injection of SEA four days after the initial injection [66] .
Intravenous, oral, and pulmonary routes of antigen administration are more likely to lead to AgCS with a single dose of antigen, which generates a state of tolerance (also called an anergic, hyporesponsive, or non-responsive state).
However, other routes of antigen administration, such as the subcutaneous, intramuscular, and intraperitoneal routes, require antigen administration at different locations to successfully establish peripheral tolerance. The location of super-antigen administration is equally important. However, the maximum Multicellular organisms have evolutionarily inherited natural requirements for tolerance from their ancestors, and the state of tolerance has been perfected through the constant exposure to stimuli from successive generations. The presentation in lymphoid organs is a multicellular phenomenon, but the immune response pathways is defined on the antigenic sites according APC profile ( Figure 3 and Figure 4 ). Although intolerance is a vigilant mechanism that is more related to a primitive immune system, it is through disharmonic interactions that tolerance is adaptively designed and established. Tolerance can be induced by intolerant reactions, such as those mediated by AgCS in the peripheral immune system. Therefore, intolerance is a "necessary evil" in immunological interactions to allow for the development of tolerance. Intolerance reactions serve as the basis for self and non-self tolerance. The intolerant responses most often occur as a reaction to signals from the environment and occur more rarely to internal disorders. Individuals with a more tolerant immune system excel in terms of survival due to various factors. First, they often spend less energy to resolve their immunologic demands, which results in increased fitness. Stress and energy expenditure are lower when problems are resolved more slowly (calmly/carefully). Second, the intercellular peaceful coexistence evolutionarily tends to lead to an increase in beneficial relationships, such as mutualism and cooperation. Undoubtedly, the organisms that are more tolerant to their environmental conditions are better adapted to the planet and have greater chances of evolutionary success. However, the more tolerant an organism becomes, the more susceptible (pseudo-resistant) that individual is to environmental pressures. Although tolerance has its cost, the evolutionary benefit of tolerance still outweighs this cost. The lack of immune challenges can also lead to ignorance in the organism's immune system. Antigenic stimuli in the body can cause to two responses. The first possible response is an acute condition mediated by inflammatory factors, such as pro-inflammatory cytokines and activated cells (a intolerant profile). This reaction can be efficient, robust, and fast and cause systemic resistance. However, an acute response involves a high expenditure of energy, causes tissue necrosis or dysfunction, and can be disastrous for the body depending on the extent of the lesions in the organs or systems affected by the response. The absence of immunosuppressive factors, such as tolerant cells and anti-inflammatory cytokines, could be associated with the proliferation of pathogenic cells [67] .
The other response, which may or may not involve components of the in- intolerance is a robust, upstream response generated by limited aggression, whereas peripheral tolerance is a downstream response that, when generated through AgCS, can provide feedback to regions of inflammation (hot-spots) mediated by intolerant processes at different sites in the body.
Peripheral tolerance can be generated in response to extreme conditions of intolerance propagated in multiple sites. Tolerance is also an obligatory pause in the immune response to determine the best course of action. Tolerance develops through patterns of intolerance and may temporarily dissolve them. In cases of infections, the tolerant response can lead to pathogen adaptation and resistance to inhospitable conditions in the host as the inflammation is slower, which can amplify the pathogen persistence [16] .
Onchocerca volvulus infections are a good example of parasitism that involves AgCS. In AgCS, it is likely that stimulation occurs at distinct sites in which different APCs reside. These APCs migrate to the secondary lymphoid organs and contribute to the development of an immunosuppressive state in both coordinated systemic-dependent and localized-independent ways. However, it is unclear how this can occur in places of immune regulation. Our previous observations suggest that AgCS is a common reaction that causes the induction of an integrated immune response with varying local responses that are generated to solve a multifocal problem [16] . Infections that are induced by AgCS can be subdivided into either prolonged or chronic infections [16] . In prolonged infections, the lesions are resolved more slowly than in acute experimental chromoblatomycosis. During the prolonged infection, there is a concomitance of tolerant and intolerant responses. Tolerance and intolerance are independent responses that have a localized and effective action, although they are jointly regulated by the system in a centralized manner. Nevertheless, when the primary site heals as a result of the intolerant response, the inflammatory response at the secondary site becomes more effective. In other words, the tolerized site is replaced by a more intolerant response that functions in healing.
The prolonged responses are typically longer than acute responses, but when eventual clearance of the infection occurs, the response can also result in resis- A systemic immune equilibrium can be obtained through counterbalance of intolerance and tolerance, especially when there are previous intolerant stimuli that lead to heterogeneous APC profile and, consequently, to AgCS. Here, we present tolerance in the context of the hypothesis that an increase in the duration of the immune response can improve the outcome for internal disorders and environmental pressures. However, tolerance can be an opportunity for pathogens. Therefore, the most resistant and vigorous pathogens can survive. In a steady state, total peripheral tolerance may depend on stimulation through AgCS with thymus-dependent and thymus-independent antigens, and consequently when B and T cells are anergized. However, a transient state (partial tolerance) occurs when there is thymus-dependent or thymus-independent stimulation. The greatest problem with the induction of complete tolerance is the possibility of making the host more tolerant and thus more susceptible to external aggressions, such as pathogens.
The interaction of distinct APCs with T or B cells could be the mechanism involved in hyporesponsiveness mediated by AgCS. The immune system evasion by many parasitic protozoa and helminths may involve the hyporesponsive state and could be due to the copresentation from multiple stimuli in the body. Thus, AgCS could be one of the primary mechanisms linked to this evasion. Many long-lived parasites, such as helminths, have a remarkable ability to downregulate host immunity, thus protecting themselves from elimination and minimizing pathologic reactions in the host [68] . Protection against allergy and autoimmune diseases has been linked to the hyporesponsive immune state in individuals with helminthic infections. Hyporesponsiveness in helminthic infections may also be associated with the expression of regulatory network components and the downmodulation of the allergic immune response [69] . Although tolerance is antigen-specific for the parasites, the constant antigenic stimulation in the peripheral lymphoid organs, which is where the lymphocytes proliferate, leads to a chronic state of general tolerance in the lymphoid organs. High levels of IL-5, IgE (part of the Th2 response), and IL-10 production have been observed in children with common intestinal helminthic infections, especially among co-infected individuals and chronically infected children [70] . These helminthic infections were associated with a general suppression of the cytokine responses to the mitogen. A balance between the Th1 and Th2 responses or the activation of only a Th1 or a Th2 response may coexist with a tolerant response, [71] .
We suggest that the immune system can maintain a state in which intolerance and tolerance forces coexist in a permanent balance (vigilance) to ensure stability (endurance). The immune system is a dynamic and constantly fluctuating system [72] , through which complex homeostatic reactions normally tend to converge for whole-organism harmonization. In the tissues, tolerance or intolerance can be silenced. However, in the central organs of the immune system, tolerant and intolerant memory cells can survive for extended periods of time.
Tolerant cells are essential for both central and peripheral tolerance. These cells can prevent intolerant reactions, such as allergic reactions, autoimmunity, and chronic inflammatory diseases. Stem cells have naturally tolerant phenotypes and appear to be important for the establishment of tolerance in many organs.
Stem cells are even being considered for therapeutic uses to treat autoimmune diseases [71] . However, stem cells can also cause suppression of the host immune response to pathogens and tumor cells. Stem cells containing suppressive properties have been detected in TB granulomas [73] . This property may be related to the fact that they can differentiate into distinct APCs and consequently exhibit different patterns during antigenic presentation, which we have designed as AgCS.
Conclusions
In summary, the main contributions of this review are the introduction of AgCS hypothesis and its relation with tolerant/intolerant immune responses, which can be interesting tools for multiple biotech and medical applications. The review also discusses important aspects of life on Earth in an immunological context in which organisms are interconnected synergistically through their bodies with the external environment. Immune system can adapt through disharmonious relationships (e.g. intolerant forces) to a tolerant profile and thus undergo coevolution of a divergent antigenic pathway for tolerance of selective pressures with relative success. Additionally, the immune system is part of an even more complex mechanism that is capable of integrating and coordinating all of the organic systems in a single network, which can be referred to as sophisticated multicellular altruism. This warrants further study as an engaging, innovative, and challenging theme in immune tolerance.
